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Abstract
Background: Previous studies have shown race/ethnicity, particularly African American and/or Hispanic status, to be a predictor
of overweight/obese status in children. However, these studies have failed to adjust for low socioeconomic status (SES). This study
assessed whether race/ethnicity remained an independent predictor of childhood obesity when accounting for variations in SES (low-
income) among communities in Massachusetts.
Methods: This study was based on 2009 summarized data from 68 Massachusetts school districts with 111,799 students in grades
1, 4, 7, and 10. We studied the relationship between the rate of overweight/obese students (mean = 0.32; range = 0.10–0.46), the rate
of African American and Hispanic students (mean = 0.17; range = 0.00–0.90), and the rate of low-income students (mean = 0.27;
range = 0.02–0.87) in two and three dimensions. The main effect of the race/ethnicity rate, the low-income rate, and their interaction
on the overweight and obese rate was investigated by multiple regression modeling.
Results: Low-income was highly associated with overweight/obese status ( p < 0.0001), whereas the effect of race/ethnicity
( p = 0.27) and its interaction ( p = 0.23) with low-income were not statistically significant. For every 1% increase in low-income,
there was a 1.17% increase in overweight/obese status. This pattern was observed across all African American and Hispanic rates in
the communities studied.
Conclusions: Overweight/obese status was highly prevalent among Massachusetts students, varying from 10% to 46% across
communities. Although there were higher rates of overweight/obese status among African American and Hispanic students, the
relationship disappeared when controlling for family income. Our findings suggest low SES plays a more significant role in the
nation’s childhood obesity epidemic than race/ethnicity.
Introduction
O
besity rates in both adults and children in the United
States have steadily risen over the past few de-
cades.1–6 In 2009–2010, the prevalence of obesity
(BMI ‡95th percentile) was 18.4% in 12- to 19-year-olds.
Increasingly, data suggest that obesity in childhood is as-
sociated with a high likelihood of obesity in adulthood.6,7 If
an individual is overweight in adolescence, there is a
70%chance that they will remain overweight or obese as
an adult.8 This association between childhood and adult
obesity brings with it an accumulated multitude of medical
conditions, including hypertension, diabetes, sleep apnea,
hyperlipidemia, and a higher incidence of stroke, myocardial
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infarction, some types of cancer, kidney disease, and
death.2,7,9–13
Perhaps even more concerning, whereas obesity preva-
lence increased by 10% for all US children, obesity increased
by 23–33% for children in low-education, low-income, and
higher-unemployment households in 2003–2007.14 Moreover,
low-income families are less likely to realize that their child
is overweight or believe that they should interfere with the
child’s eating and activity behaviors.15 Low-income commu-
nities face a host of barriers to improving health statuses.16,17
Efforts to understand the underpinnings of childhood
obesity have been increasingly successful in identifying
associated factors that appear to substantially correlate with
childhood obesity.12 A number of reports have shown that
race/ethnicity is highly correlated with rates of childhood
obesity.1–3,9 In 2009–2010, 23.7% of African Americans ages
12–19 were obese, compared to only 16.1% of whites in the
respective age group.3 African American and Hispanic chil-
dren also have been shown to have higher rates of obesity-
related risk factors, such as hyperlipidemia, lower high-density
lipoprotein, and higher fasting glucose.1,2,18 In addition, stud-
ies have suggested that African Americans, on average, eat
more fast food and have poorer dietary habits in childhood/
adolescence than Caucasians.1 This is likely owing to the na-
ture of food availability in predominantly lower-income Af-
rican American neighborhoods.17 Similar observations have
been made concerning physical activity behaviors.19
This study showed that lower household income was
strongly correlated with a higher incidence of childhood
obesity in Massachusetts.20 However, it is unclear whether
race/ethnicity or income status are risk factors for obesity
when the other variable is controlled. This report explores
this interaction between community income, race/ethnicity,
and the community incidence of childhood obesity among
68 Massachusetts school districts and 111,799 students in
grades 1, 4, 7, and 10 collected in the 2009 calendar year.
Methods
The Massachusetts Department of Public Health began
mandated screening of BMI among students enrolled in
public schools in 2011. However, in 2010, school nurses
submitted 2009 data from 80 school districts for all students
enrolled in grades 1, 4, 7, and 10. Measured height and weight
were used to calculate BMI for all 80 school districts. Data
were submitted to the Massachusetts Department of Public
Health’s state-wide database. To correlate community rates
of childhood obesity with lower-income status, the percent-
age of students who were overweight or obese was compared
with the percentage of students in each district who were
eligible for free/reduced-price lunch, received transitional
aid, or were eligible for food stamps. These data were also
obtained from the Department of Public Health, which
monitors and records the use of such programs within each
community. Overweight/obese status was calculated based
on sex-specific CDC growth charts. A student was consid-
ered overweight if he or she had a BMI greater than or equal
to the 85th percentile, but less than the 95th percentile. A
student was considered obese if he or she had a BMI greater
than or equal to the 95th percentile. Race/ethnicity frequency
reporting was available in 68 of 80 school districts at the
community level, and the study compared the percentage of
African American and Hispanic students to all others in each
community. Each community was defined by the school
district. The percentage of all students categorized as over-
weight/obese was calculated for the entire state population.
Statistical Analysis
Initial two- and three-dimensional graphical exploration
was conducted to examine the relationship between the rate of
overweight/obese students, the rate of low-income students,
and the rate of African American/Hispanic students. A mul-
tiple regression analysis was used to examine the effect of low-
income and African American/Hispanic proportion, as well
as their interaction, on overweight/obese rates. Owing to the
observed exponential relationship between low-income
percentages and overweight/obese percentages in the two-
dimensional plot, log transformation of low-income percent-
age was used in the regression model. The regression modeling
and analysis were conducted in JMP (version 10.0) statisti-
cal software and the Statistical Analysis System (version 9.3;
SAS Institute Inc., Cary, NC). A Fourier plot was created
to illustrate these relationships where each school district is
represented as a single point on a three-dimensional grid.
Results
BMI data were available for 111,799 students (100% of
students in the reporting districts) from grades 1, 4, 7, and
10 in 68 of the 80 school districts in Massachusetts. Race/
ethnicity and low-income status were obtained on a com-
munity level for these same 68 districts. The percentage of
overweight/obese among Massachusetts children across 68
school districts ranged from a low of 9.6% to a high of
42.8%. The percentage of low-income status among
Massachusetts school districts varied from 2.4% to as high
as 69.5%. Mean prevalence by district of overweight or
obese was 32% (95% confidence interval [CI], 10–46).
Mean prevalence of African American/Hispanic status was
17% (95% CI, 0–90). Mean prevalence of low-income
status was 27% (95% CI, 2–87). These are shown in Table
1. As shown by multiple regression modeling, districts’
low-income status was strongly associated with over-
weight/obese status ( p < 0.0001) (see Table 2). For every 1
percentage point increase in low-income designation (i.e.,
the proportion of children who have low-income status),
there was a corresponding 1.17 percentage point increase
in overweight/obese prevalence across the 68 districts
when controlling for race/ethnicity. Race/ethnicity (African
American/Hispanic status) was not significantly correlated,
when controlling for income, with the mean prevalence of
overweight/obese in the school districts. The relationship
between these three variables is illustrated in the Fourier
transformation three-dimensional plot in Figure 1.
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Discussion
The battle to curb childhood obesity is critically tied to
studies that can enunciate its underpinnings and national,
state, community, neighborhood, and household efforts to
change modifiable risks that enable positive health change
for each and every child.2,16,19,20 This study showed the
independent relationship of community income status and
rates of overweight/obese status in 68 school districts re-
presenting a majority of the school districts in Massachusetts.
Importantly, it was illustrated that race/ethnicity in commu-
nities may not be a significant correlate with overweight/
obese status once the community’s income is considered.
Whereas this study was representative of Massachusetts
only, future studies may expose similar trends in other
populations. This is important because it helps focus more
critically on actionable targets for change, which include a
host of factors unique to each household, neighborhood,
community, and region.
Previous studies have illustrated the magnitude of effect
that household income appears to have on the rates of
childhood obesity.21–24 Similarly, a large number of reports
have suggested that Mexican American and non-Hispanic
black children are especially vulnerable with prevalence of
obesity in excess of 20%.3 Increasingly, investigators have
shown that these differences are largely attributable to in-
equities in the physical and social environment in which
children are raised.25–27 For example, this study reported
that childhood obesity rates in two neighboring communi-
ties varied by nearly a factor of two, and that the lower-
income community (with higher ethnic/racial diversity)
could be characterized comparatively for its remarkable
lack of full-service grocery stores, exercise facilities, and
recreational programs and parks. As expected, children in
the lower-income community reported substantially less
physical activity, poorer nutritional food consumption,
more consumption of fried food and sugary beverages, and
much more time watching television or playing video
games.28 Similarly, Galvaz and colleagues reported that
block by block neighborhood physical activity resources
Figure 1. Percent of overweight and obese versus percent of low-income versus percent of African American and Hispanic. PCT/Pct,
percent.
Table 1. Obesity, Race, and SES Prevalence
across 68 School Districts
Mean
prevalence (%)
Range
(%)
Overweight/obese 32 10–46
African American or Hispanic 17 0–90
Low income 27 2–87
SES, socioeconomic status.
Table 2. Regression Result
Estimated
parameter
Standard
error t p value
Intercept, b0 13.7 2.2 6.2 <0.0001
Log low-income
percentage
6.3 0.87 7.3 <0.0001
African American/
Hispanic percentage
0.013 0.038 0.36 0.7
Regression model: Overweight-obese PCT=b0+b1*Log (low-income
PCT) + b2*African American-Hispanic PCT+Error. The R-square is 0.63.
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had a substantial impact on actual hours of weekly physical
activity among children living in Harlem.29 Other studies
have also reported that lower-income communities have
reduced access to supermarkets and places to exercise, but
that these same communities have numerous convenience
stores and fast food chains, which, taken together, promote
poor nutrition and little or no physical activity.30–35
How much of the apparent correlation between childhood
obesity and racial/ethnic disparity can then be explained
by household sociodemographic and economic character-
istics, including low socioeconomics, food availability, and
physical activity resources? In this study, the apparent
correlation between race/ethnicity and childhood obesity
was nullified when considering community socioeconomic
status (SES). Powell and colleagues showed that up to three
quarters of the apparent relationship between race/ethnicity
and childhood obesity is removed when one considers these
alternative explanations.36 Rossen also recently reported
that after adjusting for individual-level SES and neighbor-
hood deprivation (and their interaction), 74% of the apparent
differences in childhood obesity between non-Hispanic
black and non-Hispanic white children disappeared.37 That
study represented a national survey of 18,369 children using
the National Health and Nutrition Examination Survey
(NHANES) database and offers confirmatory evidence that
childhood obesity has far more to do with resources than it
does the color of a child’s skin or his or her ethnic origin.37
The roadmap for attacking childhood obesity starts with
understanding these relationships between resources and
childhood health. Solutions will only be effective if they create
sustainable improvement in the child’s knowledge about
health, create ready access to higher nutritional value foods
and beverages, offer enjoyable and safe avenues and time
for physical activity, discourage unhealthy choice when it
comes to food/beverage intake, and discourage unhealthy
excess sedentary activities.38,39 Ultimately, bottom-up neigh-
borhood, school, and community engagement and education,
and top-down legislative actions that will encourage healthier
choices for adults and their children, is needed to battle this
nation-wide health crisis.40,41
A previous study showed that local interventions using
a middle-school–based health curriculum (Project Healthy
Schools) can result in substantial improvements in self-
reported health behaviors and physiological measures, such as
serum total cholesterol, low-density lipoprotein, and triglyc-
eride levels, within 4 months of the program’s initiation.42 This
program, now introduced in 55 Michigan middle schools, is
but one example of how a bottom-up, grassroots effort can
begin to change the tide of this overwhelming national health
issue. The benefits of Project Healthy Schools appear to be
especially favorable in lower-income communities.20
This study has both limitations and strengths. The major
limitation is that whereas the information on BMI was
gathered from 111,799 unique children, the information on
race/ethnicity and SES represented state-reported commu-
nity estimates for each of the 68 school districts that were
studied. Though one can only assume that household income
and race/ethnicity strongly correlate with community means,
the data are not household-to-household comparisons, but
rather a community comparison. This bias would likely
weaken—not strengthen—correlations, but it must be ac-
knowledged. The strength of this study comes from the fact
that it represents 111,799 students representing a majority
(85.0%) of all school districts in Massachusetts. Given that
these findings mirror findings from other states as well as
national samples, there is confidence in their veracity.
Conclusions
In conclusion, lower household resources appear to have
a much greater impact on childhood obesity rates in this
cohort of Massachusetts students than race and ethnicity.
Future research in additional states is warranted to build
the wealth of knowledge on this topic and assist in the
development of effective interventions to reduce childhood
obesity in communities with varying income levels.
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